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«,ith««t 2 1 P an, , cle - med,aled transformation of cotton permits the direct genetic engineering of elite cotton lines 
^LThl^l 0 ' ST 0 r CaI1US P roliferation ' The techni 1 ue inv °lves seising the embryonic axes from germinating 

seeds and blasting particles carrying foreign genes into the embryonic axes. When the treated axes are released from an initial cvt- 

LnrP.HHv H^H rrTfT 'rT^ immlt 3 Sh001 ' By Using 3 m3rker * enc > lhe t™sfonnant population of the shoots 
can readily be identified. In this fashion, direct and expeditious transformations of elite cotton lines in Pima, Acala, Sea Island 
and Upland varieties can routinely be achieved. 
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PARTICLE MEDIATED TRANSFORMATION OF COTTON 

Field of the Invents. 
The present invention relates to the field of „ 
. engineering in general and relates, in pL c lar ITT 
^etic transition of a ^or crop ^nt ^ ^ 

Bac *°rounri nt the Tr,„„„,. ■■ „ n 

applied T 8 5eneral 0bjB " ° f ™ 0dern bi ~«hnolo gy as 

applied to agriculture to be able to geneticallv I 

the major crop Dlarn-. r- genetically engineer 

is desired so t ha t t <* crop plants 

sirea so that traits not normally oresenr i„ ... 
Plants can be artificial),, <„, „ / P«"« in the crop 
elite lines nf "^"""^ "Produced into the genome of 
elite lines of crop plants. Such artificial tr.i t . 
insect resistance, herbicide resistance or art ii" 
manipulations of the agronomic qualities of the roT 
product, are possibie once recombinant genes can be 
introduced into crop plants . 

The first widely used technique to genetically 
engineer plants was based on the natural ability OI the 
soil dwelling microorganism M^^^^^' 
The Aorobacterium transformation technique waT^sef on 
the natural ability of the bacteria to introduce a oor ■ 
o its DNA tat0 a plant cell as a part of uTllLT ^ 
pathogenic process. By inserting the foreign trait which 
was sought to be introduced into the plant into the 
^bperium in certain ways, the Aorobacterium could be 

trans " T ^° *3^JZ 

transformation techniques have been d^lop^Tn^ 



-2- 

of plants, mostly of dicotyledonous plants, but has varied 
somewhat in its application from plant species to species. 

It is a limitation of Ag^pjbacterium-based mediation 
systems that they require cell culture or tissue culture 
of the plant tissues as a part of the process. The 
Agrobacterium transfers genes into one or more cells 
either in a suspension culture or in a callus culture and 
then the plants must be regenerated from such transformed 
cells in culture. For some species, such as cotton, 
Agrobacterium -mediated transformation is possible through 
a tissue culture technique such as this. However, there 
are some limitations on the application of this process. 
The first is that some plants, such as cotton, grow 
extremely slowly in tissue culture. Therefore a plant 
genetic engineering process utilizing Agrobacterium is an 
extremely long and often labor-intensive process. Also 
tissue culturing methods for many plant species, again ' 
including cotton, do not work for all genotypes. Only 
certain cotton varieties are susceptible to widely 
practiced tissue culture techniques. The limitations of 
Agrobacterium transformation methods are further 
emphasized in cotton because the plants we call cotton are 
actually from more than one species. Some cultivars of 
cotton, such as Coker 312, and PD3 are cultivars of the 
SpeCieS Gossypium hirsutnm while the cultivars Pima (S6) 
and Sea Island (Barbados) are varieties of Gossypium 
barbadense . Therefore, while it is possible to 
genetically engineer a cotton plant of a cultivar which is 
adaptable to tissue culture, and then transfer the gene 
from that variety to other cotton varieties by traditional 
crop breeding techniques, it is a laborious process which 
can take multiple years to accomplish. Therefore, a plant 
genetic engineering method for cotton which would obviate 
tissue culture, and be genotype independent, would 
represent a significant advantage in speed and efficiency. 

One technique which has been proposed for gene 
transfer into plants is based on a process of accelerated 
particle gene transformation. The first indication of the 
potential utility of this technique was a demonstration 
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that genes could be coated onto tungsten particles and 
accelerated into onion skin, where the genes were 
transiently expressed, as is disclosed in U.S. Patent No. 
4,94 5,050. Soon many researchers were conducting 
experiments in accelerated particle plant transformation 
to attempt to obtain transgenic plants. 

A difficulty in the development of an accelerated 
particle transformation process is that the object, is to 
obtain a germline plant transformation. By germline plant 
transformation it is meant that the germ cells of the 
plant are transformed in such a way that the progeny of 
the plant inherit the inserted gene. While it is readily 
possible to physically accelerate particles with genes on 
them into plant tissues, it is much more difficult to 
recover from those tissues a fully transgenic progeny 
plant which will pass the transgenic genes on to its 
progeny, what is referred to as a germline transformation 
event. This difficulty is compounded by the results 
obtained using most accelerated particle transformation 
techniques, in which the percentage of cells which are 
stably transformed by the particle acceleration process is 
a relatively small percentage of the cells of the treated 
tissue. This percentage can often be less than 1%, and 
sometimes an order of magnitude or two less than 1%. with 
the percentage of cells which are transformed being so 
small, the recovery of germline transf ormants can be 
difficult in view' of the huge numbers of plants and 
tissues which have to be handled in order to find the few 
germline transf ormant events . 

Nevertheless, in spite of these difficulties, plant 
genetic transformation has been achieved by accelerated 
particle plant transformation. One method of performing 
such a transformation is disclosed in European Patent No. 
301,74 9 which disclosed the germline transformation of 
soybean plants and plant lines. One of the methodologies 
disclosed in that published patent application is based on 
accelerating particles coated with DNA into the excised 
embryonic axes of soybean plants. If such treated soybean 
embryonic axes are then treated with high cytokinin media, 
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shoots can be induced to proliferate from the treated 
embryonic axes. if suc h shoots are cultivated into whole 
soybean plants/ a significant percentage of the plants 
will have been found to have experienced germline 
transformation event. 

In all prior protocols based on accelerated particle 
genetic transformation, it has been a consideration in the 
development of the parameters of the accelerated particle 
process that damage to the tissues was to be limited to a 
minimum. For example, in the above mentioned U.S. Patent 
No. 4,945,050, it is specifically mentioned that the 
attempt of using the small particles is to achieve a 
minimum of cell disruption and lesions in the cell 
membrane, it has heretofore been considered an advantage 
of the accelerated particle method, particularly using 
very small carrier particles, in that damage to the 
treated tissues can be minimized so as not to disrupt 
growth structures of the tissues of the target organism. 

Summary of the Invention 

The present invention is summarized in that a method 
for the genetic engineering of cotton plants and lines by 
accelerated particle plant transformation is enabled which 
is independent of cotton genotype and which is not based 
on tissue culture or callus culture of the- treated cotton 
tissues. The process is based on the insertion of DNA 
coated carrier particles into the excised embryonic axes 
from germinated cotton seed. The treated tissues are 
cultured in the medium with high levels of cytokinin 
content. A significant percentage of the shoots resulting 
from the procedure can be cultivated into complete clonal 
transgenic cotton plants without ever passing through a 
disorganized tissue culture (i.e. callus) stage. 

It is thus an object of the present invention to 
provide an easy, quick and efficient protocol for the 
genetic engineering of cotton plants and lines. 

It is yet another object of the present invention to 
provide a genetic engineering technique for cotton which 
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avoids any and all tissue culturing or callus culturing of 
any plant tissues. 

It is another object of the present invention to 
provide a genetic engineering technique for cotton which 
is capable of direct genetic insertion into elite cotton 
lines thereby avoiding any necessity for cross breeding of 
transgenic to elite lines. 

Other objects, advantages, and features of the 
present invention will become apparent from the following 
specification when taken in conjunction with the 
accompanying drawings . 

Brief Description of the Drawings 
Fig. 1 is an exploded schematic view of a particle 
acceleration device for use within the process described 
within the present invention. 

. Fi9 * . . 2 is a .. to P P lan view of the apparatus of Fig. 1. 

Fig. 3 is an illustration of the plasmid pTVBT'41100 
used in the examples below. 

Fig. 4 is an illustration of the plasmid pCMC2114 
used in the examples below. 

Descrip tion of the Preferred Embodiment 
In accordance with the method of the present 
invention, a procedure is described for the genetic 
engineering of cotton plants which readily and repeatedly 
gives rise to transgenic cotton plants and lines without 
the need for tissue culture of cotton tissues. The 
procedure is designed to maximize the number of germline 
transformation events so that the transformation process 
can be carried out on a reasonable and practical scale 
while still resulting in large numbers of separately 
independently transformed cotton plants and lines. In 
contrast to other prior cotton transformation systems, 
this protocol has been found to be effective in a wide 
variety of cotton cultivars from different species of 
cotton. While other techniques rely on tissue culture 
generated plants which require obscure or outmoded 
cultivars which are particularly well suited for tissue 
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culture, this technique has been found effective in 
current elite cotton lines. 

This procedure is generally based on a process of 
propelling the carrier particles carrying the foreign gene 
into cotton embryos recovered from germinated cotton 
seeds. The embryos are conditioned for the particle 
acceleration process by treatment with a cytokinin but no 
auxin. The embryos are subjected to an accelerated 
particle "blast" that is .ore damaging to the tissues than 
those used in prior protocols. The resultant wounded 
cotton embryos can then be plated and cultured and will ' 
spontaneously give rise to shoots which develop into whole 
sexually mature plants. The percentage of transformant 
Plants recovered seems to favorably compare with other 
• transformation technologies in other plant systems 

The procedure described below is based on the use of 
dissected cotton embryos, derived from germinating seed . 
Generally, standard cotton seed can be surface sterilized 
and then placed under conditions for germination. The 
germinating seeds are isolated and from the seeds just 
germinated the cotton seed axis is removed and plated 
The stage of germination of the embryo may be important. 
It has been found that using seed germinated to the point 
that one to four millimeters of the radicle is exposed has " 
yielded good results. Neither the seed coat nor the 
cotyledons are used. it has been found that these 
germinating axes are particularly suitable for 
transformation and direct culture into plants without loss 
of tissue differentiation and without the need for callus 
culture of the cotton tissue. The embryos are then 
dissected to expose the meristem for blasting. This is 
done under microscope and involves removing the embryonic 
leaf or leaves obscuring the meristem. This is done to 
expose the meristem directly for the particle blast 
procedure . 

The explants thus produced are then pre-treated for 
the blast by culture in the dark on a culture medium With 
cytokinin but no auxin. This pre- treatment is believed 
helpful to transformation efficiency and to increase the 
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number of germ line transformation events. The 
pre-treatment culture should extend from a few hours to a 
few days and, for cotton, include a cytokinin but no 
auxin. The culture should be in the substantial absence 
of light, i.e. either in the dark or in subdued light. 
For reasons that are not entirely clear, this 
pre-treatment protocol seems to increase the output of the 
procedure . 

In general, in prior art procedures for the 
introduction of foreign genetic material into cells in 
general, and plant cells in particular, emphasis has been 
placed upon the minimization of any damages to the cells. 
It was thought that if large numbers of cells were 
disrupted or killed, that the tissues treated would be 
harmed so irreparably that it would be difficult to 
recover transformant tissues from the originally treated 
tissue, m past particle-mediated transformation 
processes, therefore, effort has been made to minimize the 
damage to the issues. This approach, however, also 
minimizes the number of transformed cells which are 
achieved, by ensuring that only a small fraction of the 
cells treated actually are injected with the carrier 
particle carrying foreign genetic material on them. Since 
the frequency at which target cells take up DNA from the 
carrier particle is small, if one is injecting only a 
percentage of the treated cells with carrier particles, an 
even smaller percentage of cells is actually transformed. 
Thus, the problem becomes to locate the very infrequent 
transformation events which occur from such a process. 

By contrast, the method described herein is intended 
to maximize the number of cells into which a carrier 
particle is actually injected. Doing so carries a price, 
in that a large number of cells may be adversely affected 
by the procedure. In fact, many, if not most, of the 
cells treated by this procedure may be mortally wounded. 
It is believed that the process kills the majority of the 
cells in the embryonic meristem, leaving in the surviving 
axes a number of living cells barely sufficient to support 
the growth of a new shoot. Nevertheless, the procedure 
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ensures that sufficient numbers of ceils survive the 

that the frequency with which transformant events can be 
achieve, is increased so that the overall proced re 
beco.es practical, since the object of the procedure is 

pL s L7th r atotally tranS9enic plant which *• < 

pass.no the inserted gene on to its progeny, it does not 
matter if a large number of the treated cells die as lone 
as reliable numbers of cells can be treated which g^e ' 
rise to transgenic plants, since the actual process of 
launching carrier particles at plant tissue is relatively 
economical and easy to perform, it beco.es very oractical 
to subject large numbers of plant tiasues to £ ' 
accelerated particle transformation procedure, using the 
process described herein, transgenic plants of all iLes 
of cotton can be recovered at a sufficiently high 
frequency that the overall process becomes very practical, 
and transgenic plants can be routinely and regularly 
recovered in significant numbers. 

What has also been found by the applicants here is 

a viable state and these explants will give rise to 
growing viable cotton shoots at a reasonable frecuency. 
While the reason that, such shoots develop is not 'entirely 
clear, it may involve a process initiated as a wound 
response in cotton tissues following the disruptive 

shoots bla "' Wha " Ver " USe £ ° r the "on, 
shoot do arxse and can quickly be cultivated into whole 

sexually mature cotton plants. While the shoots are 
plated on a medium containing cytokinin immediately after 
the blast, thereafter, hormone treatment is not necessary 
to foster shoot development. By suita ble early screening 
of cotton shoots arising from blasted explants, the number 
of plants which must be cultivated into maturity can be 
limited to those likely to give rise to germline 
transformation events . 

This process is based on the particle-mediated 
transformation of plant cells in general, and the ceils of 
cotton in particular. The concept is that genetic 
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material, either DNA or RNA, is coated onto small carrier 
particles. The carrier particles are then physically 
manipulated so that they are hurled at the cells of the 
cotton tissue. At some frequency the carrier particles 
lodge within the cytosol of the cotton plant cells. Also 
then at some frequency, and through a process not 
completely understood, the genetic material leaves the 
carrier particles and is integrated into the DNA of the 
host cotton cells. From those cells plants must be 
created either by regeneration or by normal cultivation of 
the plant cells. Along the way, either at the cellular or 
plant level, some combination of screening and selection 
must be employed to segregate the transformant plants from 
the nontransformant plants. In most particle-mediated 
plant transformation events, the nontransformant events 
will be the majority of the recovered plants. Therefore, 
it becomes necessary to provide a procedure by which 
sufficient numbers of plants can regularly be created that 
the relatively rare transgenic events can be readily and 
easily isolated. It is a desirable aspect of such a 
process that the percentage of transgenic plants recovered 
is the highest, since then the overall efficiency of the - 
process is increased dramatically when less tissue area 
needed to be processed at the front-end to give the 
desired number of independent transformant events at the 
output end of the process. 

There are several factors which are to be considered 
in the creation of germ line plant transformation events. 
The genetic construction, be it DNA or RNA, must be 
constructed so as to be properly expressed in plant 
tissues. The apparatus utilized in the process must be of 
a type capable of delivering the carrier particles with 
the coated genetic material on them into plant cells in 
such a fashion that a suitable number of cells can be 
transformed. There are many types of mechanical systems 
which can be envisioned to accelerate biologically inert 
small carrier particles into plant cells. Possible 
mechanisms include ballistic explosive acceleration of 
particles, centrifugal acceleration of particles, 
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electrostatic acceleration of particles, or other 
analogous system capable of providing .omenta and 

velocity to small inert particles a • 

. paj-i-j-cxes. a mechanism was used 

xn the process of the present invention based on the 
acceleration of particles through an adjustable electric 
voltage spark discharge device which is capable of 
accelerating a planer carrier sheet at a target surface 
Since this apparatus is particularly useful in the present 
invention, it will be described further below with 
reference to the accompanying drawing Figs. 1 and 2 

The particle acceleration apparatus is generally 
indicated at 10 of Fig. 1. The apparatus consists Qf ^ 
spark discharge chamber. 12 into which are inserted two 
electrodes 14 which are spaced apart by a distance of 
approximately one to two millimeters. The spark 
discharged chamber 12 is a horizontally extended rectangle 
having two openings, 16 and 18, extending out its upward 
end. The opening 16 is covered by an access plate 20 
The opening 18, located on the side of the rectangle of 
the spark discharge chamber opposite from the electrode 
14, is ultimately intended to be covered by a carrier 
sheet 22. The electrodes 14 are connected to a suitable 
adjustable source of electric discharge voltage (not 
shown). A suitable source of electric discharge voltage 
includes a capacitor in the size range of one to two 
microfarad and the amount of the voltage of the charge 
introduced into the capacitor should be adjustable. Such 
an adjustable voltage can be introduced readily into such 
a capacitor through the use of an autotrans former which 
can be adjustable between a range of perhaps one and fifty 
thousand volts, it is preferred that suitable high 
voltage electric switching be provided so that the 
capacitor can safely be discharged through the electrodes 
14 without harm to the human user of the system. 

A carrier sheet 22 is intended to be placed upon the 
opening 18 of the spark discharge chamber 12. The carrier 
sheet 22 is a planer sheet of relatively stiff material 
which is capable of carrying small inert carrier particles 
thereon toward the target surface. It has been found that 
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the carrier sheet 22 can preferably be a small sheet of 
agnized saran coated mylar. Saran coated mylar is 
particularly light while having a high tensile strength. 
It is also envisioned that other light but relatively 
strong planar materials having some flexibility may also 
be used for the carrier sheet 22. The function of the 
carrier sheet 22 is to convert an outwardly outstanding 
force produced by the electrodes to a broadly distributed 
vertical force capable of accelerating a large number of 
carrier particles in parallel and with an even force. It 
can readily be understood that other kinds of force other 
than electric discharge can be used to impel the carrier 
sheet 22 upward, what is most particularly required is 
that the force be one which is adjustable so that the 
force of travel of the carrier sheet 22 when it is 
impacted can readily be adjusted. 

Again referring to the apparatus of Figs. 1 and 2/ 
above the opening 18 and the discharge chamber 12, in a 
position of approximately 15 millimeters above it, is a 
retaining screen 24. Placed above the retaining screen 24 
at a distance of anywhere between 5 and 25 millimeters is 
a target surface 26. The target surface 26 can be any 
suitable culture surface onto which the material to be 
transformed can readily be placed. it has been found that 
an overturned petri dish can most conveniently be used for 
the transformation of plant tissues. Using a semisolid or 
solid agar-based medium in the bottom of a petri dish, it 
is possible to place tissues on the agar where they will 
readily be retained. Then placing the petri dish over the 
apparatus of Figs. 1 and 2, the petri dish itself can 
serve as the target surface while retaining the plant 
tissues on the agar placed therein. 

Separately, copies of suitable genetic material, DNA 
or RNA, are separately prepared. These materials may be 
prepared by known techniques for the manipulation of DNA 
which are well known to those in the ordinary skill and 
art, and multiple copies of genetic constructions can 
readily be made. The genetic constructions must then be 
coated onto small carrier particles of a durable dense 
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biologically inert material ■ 

a w material. Gold is a quite suitable and 

advantageous material for use as the carrier part .^ e 
The carrier particles must o£ eJ[tremely s^^^" ' 
typically i„ a range o£ one „ ^ ^ 

are very small in relation to the q£ ^ « ' £ 

of the transforation process. It is preferred in 
particular that microcrystalline gold particles be used as 
earner particles within the practice of the present 
invention. A suitable source of microcrystalline gold 
particles is a product referred to as -Gold powder A1570- 
fro* Engelnart Corporation of Hast Brunswick „ew J e y 
This product consists of amorphous gold particles of Jg h 
surface area and amorphous shape and si,e. ,„ particular 
« has been found that microcrystalline carrier particles' 
of ^regular size generally achieve a transformation 
efficiency which is higher than that which can be achieved 
by spherical gold particles, for reasons that are not well 
understood. In at least one set of experiments, a mix! 
of the microcrystalline gold powder and gold spheres 1 3 
-cron in size, was used with particularly good success as 

The genetic material to be inserted into the cells is 
then coated onto the carrier particles. This can be 
readily done by precipitating solutions of dka or RNA onto 
the carrier particles themselves. Suitable stabilizers 
can be added to the mixture to help with the longevity of 
the genetic material on the carrier particles, such al the 
preparation based on spermidine described in the examples 
below. The carrier particles with the genetic 
construction placed thereon are then layered onto the top 
of the carrier sheet 22. The la yerin g is done so as 
distribute a relatively even pattern of carrier particles 
across the entire top surface of the carrier sheet 22. 
Within the present process, the applicants have applied 
the coated carrier particles to the carrier sheet at a 
loading rate in the range of .0125 to .050 milligrams of 
coated carrier particles per square centimeter of carrier 
sheet. The carrier sheet 22 is then placed upon the 
proper opening on the top of the discharge chamber 12 
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which is the opening 18. The target surface 26, including 
the living plant material thereon, is then placed in 
position above the retaining screen 24. A small droplet 
of water, preferably of about 10 microliters in size, is 
then placed in the chamber bridging between the ends of 
the two electrodes 14. The access cover 20 is placed in 
position on top of the. spark discharge chamber 12. 

At this point, the entire apparatus is. enclosed in a 
vacuum chamber and a vacuum is drawn down into the range 
of approximately 500 millimeters of mercury. As the 
vacuum is being drawn, a supply of helium is bled into the 
vacuum chamber to thus replace the remaining atmosphere 
within the chamber with helium. Thus the vacuum chamber 
contains within it a relative vacuum compared to the 
. atmosphere and the air within the vacuum is 
disproportionately displaced with helium. The lower 
density of helium, combined with the reduced pressure, 
helps to lower the drag both on the carrier sheet 22 and 
on the carrier particles themselves. 

At this point the accelerated particle transformation 
process can be initiated. This is done by electrically 
discharging the voltage from the capacitors to the 
electrodes 14. The voltages used in the present process 
have usually been in the range of 10-25kV and the range of 
16-22kV is now preferred. The voltage discharge is 
preferably effectuated through the use of appropriate 
electric switching described above. The force of the 
electric discharge initiates a spark which leaps the gap 
between the electrodes 14 instantly vaporizing the small 
droplet of water which was previously placed therebetween. 
The force of the vaporization of that water creates a 
violent atmospheric shock wave within the air placed 
inside of the spark discharge chamber 12. The shock wave 
radiates outward from the electrodes in all directions. 
The radiating shock wave impacts the carrier sheet 22 
which is then propelled upward with great velocity. . The 
upwardly traveling carrier sheet 22 accelerates upward- at 
great force until it contacts the retaining screen 24. It 
is at this point that the displacement of the remaining 



travel of the carrier sheet 22, since helium pr0 vides the 
less drag on the flight of the carrier sheet as 
the carrier particles themselves. At the r«..„- 

£ the carrier sheet 22 impacts the rl^i" ^ ^ 

and is totally retpi na j _ K 

any retained thereon. The carrier particles 

r: f °r t ;;r d with the m * ~« 

toward the target tissues. The small carrier particles 
then proC eed to impact the living tissue on the target 
ZllZ PrOC6£d in " of the tissues placed 

in «.*" ^ ^ readUy Seen * a revie " ° £ the apparatus 
in this process, the actual momentum and velocity of the 
carrier particles as they impact the surface of the target 
tissue is adjustable by adjusting the voltage of the 
xnrtial electric discharge applied to the electrodes 14. 
Thu , by varying the amount of the electric discharge 
applied across the electrodes 14, the velocity by which 

tissu?of ! P : netrati0n ° f th * ""^ particles into the 
tissue of the target tissues can be adjusted continuously 
throughout the range of adjustment provided for by the 
electric voltage applied across the electrodes 14 The 
actual critical physical step is the acceleration 'of the 
carrier sheet 22 toward the target surface. The provr L 
or layering the carrier particles onto the carrier sheet 
22, and accelerating the carrier sheet 22 toward the 
target, ensures that a broad horizontal layer of carrier 
particles will travel toward the target tissues, in this 
»ay, a relatively large number of transform events can 
be conducted at one time since a relatively broad 
horizontal range of area on the target surface 26 is 
impacted by an array of carrier particles traveling at 
Similar velocities, other mechanical mode of means could 
be used, other than spark discharge, to provide the mode 
of force for the carrier sheet 22 as long as they were 
suitably adjustable. 
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To be useful in a particle-mediated transformation 
process, the transforming exogenous genetic construction 
must be capable of performing some useful function in the 
cells of target plant tissues. The transforming genetic 
construction, be it DNA or RNA, will normally be a 
chimeric construction in the sense that its genetic 
material originates from more than one kind of organism. 
The genetic construction would be one that is capable of 
expressing in the target tissues a gene product of use. 
Such gene products will typically be a foreign protein 
which it is desired to express in the cells of the plant 
tissue but could be other gene products as well, as such 
as an antisense RNA construct intended to inhibit an 
endogenous plant system. Typical foreign genetic 
constructions are intended to the expression of proteins 
implant cells and often usefully embodied in expression 
cassette vectors for plant cells, many of which are known 
to those of ordinary skill in the art. Uypically such a 
plant expression vector system includes, besides the 
coding sequence for the desired exogenous or foreign gene, 
appropriate flanking regulatory sequences suitable for the 
expressing of the foreign gene in the plant cells. The 
appropriate flanking regulatory sequences would include a 
promoter sequence capable of initiating transcription and 
a translational terminator to terminate translation of an 
RNA message if protein synthesis is desired. It has also 
previously been demonstrated that typical promoters and 
transcription terminators found to be effective in other 
plant tissues are effective in cotton as well. It may 
also be desirable to incorporate between the promoter and 
the coding region of the genetic sequence a translation or 
transcriptional enhancer to aid in the efficacy of the 
inserted genetic material into the transgenic plants. 

It is desirable if the transforming genetic construct 
includes a marker gene which is capable either of 
selection or screening in the treated plant tissues. 
Selectable markers are generally preferred for plant 
transformation events, but are not available for all plant 
species. A selectable marker is one that condir<nne fr-- 3 
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trait in the transformed plant cells which can be selected 
by the exposure of the plant tissues to a selection agent 
Suitable selectable markers would be antibiotic resistant 
genes or herbicide resistant genes which, when inserted in 
some cells of a plant in culture, would imbue those 
particular cells with the ability to withstand exposure to 
the antibiotic or the herbicide which would kill all the 
nontransformant cells in the culture. Another type of 
marker gene is one that can be screened by ready 
histochemical or biochemical assay even though the gene 
cannot be selected for. In this instance it is most 
desirable if the gene codes for a phenotypic trait which 
can readily be observed in transgenic plants. A suitable 
marker gene which has been found useful in such plant 
transformation experience is the Gus gene as described by 
Jefferson, et al . EMBO J . , 6:3901-3907 (1987). The Gus 
gene, coding for the enzyme beta-glucuronidase , which can 
be expressed in plant cells and the expression of the Gus 
gene can be tested, in a tissue destructive assay, for its 
presence in plant tissues. The Gus gene will turn a 
convenient substrate, indigo-glucuronide, or 
5-bromo-4-chloro-3-indolyl glucuroni.de blue in color in an 
in situ assay in plant tissues. Thus, the use of a Gus 
gene provides a convenient colorimetric assay for the 
expression of introduced DNA in plant tissues by 
phenotypic analysis in the plant tissues. Thus, in a 
typical transformation process, the desired gene of 
interest sought to be expressed in the plant would be 
coupled in tandem in a single genetic construct on a 
single DNA strand with the Gus gene. Then the coupled 
tandem genetic construct would be transformed into plant 
tissues and the resultant plant tissues would be analyzed 
for expression of the Gus enzyme in the target plant 
tissues to find transgenic tissues from the treated 
tissues . 

In the instance of the Examples described below, no 
selectable marker was used. Instead the Gus gene marker 
was used as a screening marker. Since the applicants 
recover transgenic shoots at a reasonably high frequency 



-17- 



6 eItlcl ently and economically De rfo™aH 
a selectable marker would add „ ^ ~ fo »*- «» use of 
system, if one were availaWe ««-ie„c y of the 

In the present process, as wrf.^ . 
treated embryonic axes whic ^l™™"^ 
each give rise to a single shoot „ 9 Pr ° t0C01 

Procedure fnr .„ k " cransf ormation 

procedure for soybean, practiced by the inventors here and 
others, multiple shoots were found to arise from T 
-oryonic axes, and some of the shoots w III 

::::: rr*— t he a : s r 

ll i " SOUrCe " In CO "° n ' P-omenon 

wh ich is responsible for achieving germ line 

transformation success appears to be different a .• , 
•hoot arises from each treated cotton J^Zc axi^ 

ZlT d" tyPiCaUy Chi ™ eriC ' " 1 y ' " 

transformed. However «... ^ 

nowever, the transformed portion of tK a 

cotton plant can be ..enriched- by testing 

the gro^ng plant for activity of the marker gene Isf 

Llti ?r vely pruning the ™ a ff ; e 

growth of the expressing portion of the plant t 

that 9era une 

tho . x ea> Tne 9 erm Ime character of 

ale s d"?^ R ° PlanC <firSt trinS9aniC «» >e 

assessed by gus screen of the pollen it sheds. No t only 

ms . 7 " e rel "ive numbers of expressing and 

POU * n ^ains. ror a single insert of the 

hTooT' Mendelia " inheri ""« -"1 <"«ate that 5 £ 
of the pollen grains will carry the transgenic gene 

tran'Ifo COn£ira " i0n ° f the "» nature of the 

transformation is confirmed by expression of the gene in 
Progeny (JU) plants, which will pass the insert 
their progeny through normal patterns of genetic 

inheritance. 



are ^ bel °»< «» different pl as mid vectors 
are used. One vector is pTVBT4U00, illustrated in Pi g 
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3- This vector includes a gene coding for NPT-n „ h • „ 
provides resistance to ]c»r,»™, • NPT-II, which 

for the Gus gene two ^T^"' a " "Passion cassette 

sulfadia 2 ene Su" IZZ * "^"^ ^ - 
^^^^^^ n expression cassette for the 

— - - — aiSaSil (B^) insect specific toxin i h . 
1^ expression cassette includes an untranslated ■ 
leader sequence from alfalfa mosaic virus («v, the 35s 
promoter from C ftnHfi« v-^M/ zne 35S 

svnth»,- ! cau ^«°»er mosaic virus (CaMV35S) and a 
synthetic coding sequence derived fro, plant codon 
preferences which codes for the amino- terminal 55% of the 
^teran. specific B^ toxin from B.t. variety 

SHSaSSla. The plaemid pCMC2U4, illustr^ed in fL 4 
cont ins tw 0 oppositely 

^" .^ 9Sne «th the CaM V35S prom ter, an 

Z n a"""' T n ° PaUne ~* W-o„ 
hvlros bei " 9 ° 2S£ 9ene from Stre^tomyces 

^cooiu, with the CaKvasS promoter, an ^T^r 

the e y ^ a " terai " a «- Bar gene codes for 

the enzyme phosphinothricin aoetyltransf erase which 

hi:: : resistance to ™- 

herb, es . he plasnid pcMc2iu ^ avaiiawe 

iLlItL r S1 ° n 67 '" 6 - Th6 gene can readily be 
isolated from copies of pCM C2114 by digestion of copies of 
the p asmid with Hind „: and Sal x, „ ith the G J° g Z° 
cassette located between the sites for these two" 

tLT iCt \° n e " 2ymeS - Jt " " be u ^erstood, however 
that neither plasmid is essential to the practice o^he 
Present invention, but are instead exemplary. Zll he 
S*L 9-e is a convenient and useful screening marxer for 
this process other screening techniques, including 

LIT —-techniques such as polymerase chain 
reaction for the gene q£ ^ ^ ^ 

Example l 
Surface Sterilization 

The process began with connnercial cotton seed. Seeds 
of Px.a cotton (variety S6) were used. The process begins 



Tll LeVeb T keZ "*""* KhiCh be autoclave,. This , 
a beaker with dozens of holes drilled i„ .,. * 

can be nested inside a nonfilled 9 L Lr^"" 

also useful to utilize a third sterile beaker for " 

the seeds so that the sieve beaker can be relted "T^ 

sterile beaker while discardi„ g wash water " 

The sieve beaker was filled „ ith cotton seeds 

: :::: r e beaker is — - : - 

seeds were then dra d ^ ^ 

a-ined again. Mternat^ ^ 
covered with bleach without prior treatment. It this 
point, the seed, were exposed to a mixture of 50* cla 
bleach so as to cover the seeds and rh ! 
to rest within th. hl ! " edS Were aUow ^ 

... rr::r:.:r,;:; - r;;.. - 

times with distilled water 

- a ^^r:::k:rtrrh seeds were then *— 
r tibiotic stLiiizatr^otj-r:: : t i:r 

:L each p 0 f B r a :rr::;;::: - 11 — - r 

liter Tw.ce as much of the cotton „ tibl ^ e P ' P * r , 
sterilization medium was used by volume as there were 
seeds. The seeds were incubated in the sterilisation 
medium for three to f™„ >. sterilization 

temperature II " in the dark " "°"> 

seeds were incubated until about noon. 

steril'e^istnrr 8 '"^ * PiP " te ' ^ 

sterile distilled water, and the beaker refilled with 

an addlt 0 " 0 ", an K tibiOUC Allowed by 

an additional three hours of incubation. 

The seeds were then drained and the seeds were olated 
on the surface of a 0 St w.-«, , Plated 

the »r,r,- h - ,• 9ar Plus ccb ' a mixture of 

the antibiotics and fungicides carbenicillin (200 mg/1, 
Cefotaxime ,50 mg/1), and Benomyl (.60 m g/1) . ^ * 
ungerminated seeds and seed coat debris was removed. The 
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« a single layer. The seeds were then incubated 
overnight a, „• c in the darx so as to- geminate „ 
germination proceeded appropriately th» . * " 
could be stopped by ref^eLio It Tc TJlTtTT 

the seeds while still covered with the cotton antibiotic 
hen " T inCUbited " 28 ' C overnight 

r^i^"" 11 - in buik - ■ »• c 

Seed Dissection 

the oer^r ^ 9emin " ion ° f th * •—». or the removal of 
the germinated seeds from storage, seeds were selected 
that were 3 ust beginning to germinate. Overly germinated 
or ungerminated seeds were discarded. The proper^ta, To, 
germination was defined as fully imbibed seed with one to 
four millimeters of the radicle exposed. Under sterile 

Thi n s":: n d B : th L seed axis uas remOTed °" ° f ^ 

This was done by manual manipulation with gloved hands to 
remove the seed axis from both of its cotyledons and t 

with Pr ° C6SS ^"^-"T to perform 

«th practice. !t is possible to readily develop the 

witho I T ^ SeSd CO " aXiS ap °" f "> 

without damaging the seed axis, or leaving any of the 

cotyledon on the seed axis. 

The excised seed axis was then washed in three to 
four rinses of sterile distilled water. The washed but 
undissected explants were either dissected immediately or 
were stored by plating on standard OR ccb medium made with 
fresh benzylamnopurine or BAP, but no NAA. This media 
was that described by Barvhale et al., Planta, 167/ 
«3-«l (1986), but without the NAA hormone. The explants 
were plated on the agar surface by being laid on their 
^de. The excised embryonic seed axes plated on the agar 
medium were incubated at c in the darx for up to three 
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Exposinq the Meristem 

The washed seed axis explants were now ready for 
micro dissection to expose the meristems of the seed axes. 
This dissection was performed under sterile distilled 
5 water and with sterile tools. The dissection consisted of 
removing the embryonic leaf, or leaves if there was more 
than one, that obscures the meristem on each of the 
excised seed axes. The fully dissected explants were 
transferred to another petri dish containing sterile 
10 distilled water. 

Pre-Blast Hormone Treatment 

After all the dissections were completed, the 
explants were again washed in three to five rinses of 
sterile distilled water. The free water was removed by 
15 pipette after the final rinse. The treated explants were 
then again laid on ^eir side on the surface of standard 
OR ccb medium again made with fresh BAP but no NAA. The 
explants were incubated overnight, 24 hours maximum, at 
15° C in the dark. The treated excised embryonic axes 
with exposed meristems are now ready for the accelerated 
•. particle transformation blast. 

Genetic Material and Carrier Particle v r * r » r *<-<^ 
Ten milligrams of amorphous crystalline gold powder, 
or of an equal mixture of 1-3 micron gold spheres and 
25 crystalline gold powder, was measured into the bottom of a 
1.5 milliliter Eppendorf microfuge tube. Care was taken 
to ensure that the gold did not spill on the sides of the 
tube, since that would make it difficult to resuspend the 
gold due to the small volumes used in the preparation 
30 process. To this microfuge tube was added 100 microliters 
of 0.1 M spermidine (free base) and the microfuge tube was 
vortexed well . To the microfuge tube was then added 1 to 
10.0 micrograms of double-stranded DNA of the foreign 
genetic material and the tube was then vortexed gently but 
35 completely. The DNA utilized was of pAMVBT41100. While 
the DNA/carrier particle mixture was gently vortexed, 100 
microliters of 2.5 M CaCl 2 was added to the tube. Then 
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the vortex was ceased, and precipitation was permitted for 
10 nunutes at rooar temperature. The preparation could be 
stored at this point for some time. Shortly before use, 
the mixture of DNA and carrier particles was given a brief 
' Pl V a " miCr ° f ^ e - The clears supernatant was removed 
completely, and the precipitant consisting of the DNA and 
carrier particles was resuspended in 20 milliliters of 
100% ethanol. The resuspended DNA and carrier particle 
mxxture was then sonicated in a water bath sonicator for 
two to three brief one second exposures. The resulting 
suspension was then coated onto the carrier sheet 22 at a 
rate of 320 microliters per carrier sheet, or a calculated 
rate of 0.05 milligrams per square centimeter of the 
carrier sheet. After allowing the gold to settle, the 
excess ethanol was drained away and the sheet dried 
These preparations of DNA and carrier beads were made 
fresh daily. 

Blasting . 

At this point in the process, the carrier sheets were 
placed upon the apparatus of Figs, i and 2 for the 
blasting process. The cotton explants were plated on 12% 
xanthan gum target plates.. Using the normal germination 
and pre-blast hormone treatments described above 
typically 25 explants were found to fit on each of the 
target surface within the blast area. 

The parameters used for the particle-mediated 
transformation blast itself included a relatively high 
electric discharge voltage through the gun, typically in 
the range of 15-25 kilovolts. The standard voltage used 
was 18 kv. The voltage was adjusted to achieve a level of 
impact on the treated axes such that the rate of survival 
of the meristems was between 40% and 80%. m other words 
the blast force was adjusted to a level such that at least 
some of the meristems were rendered non-viable by the 
process. The blasting experiments were conducted at 350 
millimeters of mercury, with helium introduced at a rate 
of 1.5 liters per minute at atmospheric levels, and 
approximately 5.0 liters per minutes under the vacuum. 
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Each of the target tissues was blasted twice during 
the same day, . once in the morning and once in the 
afternoon, with the explants stored between successive 
blasting procedures in a moist chamber at approximately 
28 C in the dark and with low oxygen (8%). The target 
tissues were placed in the dark immediately after each 
blasting exposure. 

Post-Blast Protocol 

The explants were now removed from the target 
surface, and plated in a normal orientation on OR ccb 
medium made with fresh BAP but no NAA. Care was taken not 
to expose the explants to excessive light. Care was 
exercised not to allow the meristem to come in contact 
with any media, and no wet plates were utilized. The 
fresh explants were plated and then incubated at 28° C in- 
the dark and with low oxygen for two full days. 

One day after the blasting, a preliminary assessment 
of transient enzyme activity was conducted on the 
resultant tissues. The assay was conducted at this time 
to check for the quality of the bead preparation protocol, 
and also to look specifically at the number of 
transformation events in the meristem, a rough 
approximation of which can be made by checking the 
transient activity of the explants at this stage. 
Although due to the heavy damage from the blasting 
process, 20 to 60% of the meris terns were sufficiently 
damaged so as to never produce shoot, those same damaged 
meristems will, upon assay, exhibit excellent transient 
gene activity particularly of the Gus gene using this 
procedure. Thus, the tissues can be assayed at this step 
for the percentage of Gus activity, even though shoots are 
not yet evident on the meristems subjected to the 
procedure . 

Following the initial post-blast incubation on the 
medium described above, the cotton explants were 
transferred to dextrose-based woody plant medium (WPM), 
minus BAP plus carbenicillin and benomyl, in plantcons 
again under low light. The WPM medium mixture, based on 



-24- 



' JU -*^1 (1981), was prepared a* ^vtT 

^i,. c^.*. 1S5 4^K;xr 3 (400 

CaCl 2 . 2 HOH (SS.ng/i,, KH 2 P0 4 (170 mg/lY „, Hn , 

:r , : ,eso, 7H o„\ 2 ^i;;^-: E r^ H r^r s 

Pyrxdox.ne.HCl ,0.5 mg/1,, Glycine ^Z^' 

ZTIT 1 <10 ° m9A) ' De " r ° 8e (2 ° ^ (3.0 

9/1), Gelnte (i.i g/1) , Calciun gluCMate ? < 

ca,b enicillin (20Q mg/1) ^ « g/1,, 

oxygen for five to seven days. 

Following the above culturing in the dark, the 

Picons were then moved to a shade region. The 

explants were left. in the shade for two full days to 
become accustomed to gradual light exposure 

~.i. r ^T£ g - that tha plantcons containin * the 

meaia were then transferred to full ii„h«- - 

- induce shoot development in / ~ " " . 

cultivation. 

Identification of Tr,n«f ^ t Evon ,. c 

eh«h^* P . lant " nS thUS m ° Ved " 3 "Nation 

chafer and exposed to 16 hour light periods at 28- c A 
number of cultured expla„ ts then would proc ^ J' JLt 
soot elongation and development from the plated tu 
It then became necessary to evaluate ■ 

ascertain the level of^ e ™ i gr ° Wln9 Sh °° tS t0 

e xevei of germ l ine transformation events 

which were achieved through this process. The assay 

IITZT*, conducted " such a point «*" 

one-thiL :i 'I T** £ir " l8aVeS - The " "» — 
acres ° ° £ lM£ CUt °» completely 

across the leaf through the midrib. The leaves were then 
assayed for Gus activity to identify Gus-positive 
expressing plants. 

At this point, the quality of the event was 
characterized depending on the level of Gus activity in 
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the leaf. Some of the leaves exhibited only uneven or 
irregular Gus expression indicating chimeric plants. 
Based on the results below, and on experience with other 
Plant systems, it has been observed and verified that for 
chxmeric plants, a transformation of the vascular system 
as exemplified by the leaf midrib, correlates very well ' 
with the occurrence of a germ line transformation event. 
Some of the leaves seemed to be totally blue, indicating 
putatxvely clonal transgenic plants. if the plant was 
characterized as germ line, the plant was transferred into 
rooting conditions and grown out in the greenhouse. For 
chimeric plants, the plant was pruned to just above the 
transformed leaf so as to force the axillary bud to grow 
from the transformed area of the plant after it was 
retested. 

For plants that tested negative, the leaves were 
removed, and the plants were cultured until newly formed 
leaves were regenerated. Tests were again conducted. 
This process was repeated three times before a final 
negative determination for the plants was made. 

In the experiment as described above, 590 shoots of 
pima cotton were recovered. From those shoots, six shoots 
were determined to exhibit significant Gus activity 
throughout the plant. No grafting of the transformant ■ 
shoots was needed, and root elongation and development 
occurred normally. From the 590 shoots, six putatively 
transgenic plants had been recovered. 

The plant that has grown the farthest has been 
verified to have complete clonal transformation and to be 
able to pass its inserted gene on through Mendelian 
inheritance to its progeny. The plant is totally clonal, 
exhibiting Gus activity in all its leaves, and in all 
sections of the plant. The pollen of the plant was tested 
for Gus activity, and approximately half the pollen grains 
of the plant were found to be expressing Gus, at the rate 
that would be expected given normal segregation of genes 
in germ cells. Self pollination of the clonal RO plant 
produced progeny plants which contain and express the 
inherited gene inserted in the transgenic parent plant. 
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The segregation of the inserted ge „e among the progeny 
Plants was about three to one, or what would be expected 
for a hetero:ygous allele. Accordingly, Mendeliah 
inheritance of . the gene has been confined and a germ line 
transforation of P ima cotton has thus been confiLeT n 
ddition two other piants exhibited transforation, so 
far, including the shed of expressing pollen segregating 
at about one to one. 9 

The entire process as described above, from initial 
plating of the seeds to the recovery of an initial 
generation, i.e. R-o, transgenic plant requires 
approximately three to five weeks. Based on the initial 
results as described above, it is expected that 
approximately one clonal transgenic plant will occur cer 
approximately 100 to 500 meristems exposed to the blasting 
process, of the shoots produced fro* the process 
approximately .!-» will be £ound tQ ^ ^ 
lxne transformation events. 

Example 2 

The above protoco! is in the process of being 
repeated with tissues of cotton varieties Delta « Pine 50 
an upland cotton, Delta . Pine 90, which is an Acala 

being used is pCMC2U4. shoots have been recovered 

To d^e'Y?^ " e ^ = ui "-«- to yield piants. 
To date, leaf cutting assays indicate transformation 
levels consistent with the results from Pima above, m 
addition, the assays have revealed transformation events 
which resulted in transformation of vascular tissues 
which are associated with germ Une transformation events 

In this way, it now becomes both feasible and 
practical to obtain transgenic cotton plants of a wide 
variety of genotypes and varieties, while the process 
described above does involve the use of tissue culture 
apparatus, such as petri plates and plant growth media, it 
does not require tissue culture in the sense that there is 
no undifferentiated plant tissue at any step in the 
Process . since cotton is a notoriously slow growing 
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system in undifferentiated plant culture, the fact that n 
undifferentiated tissue is created through this process i 
a unique advantage of this procedure and allows for the 
ready and convenient, and rapid, generation of large 
numbers of transgenic cotton plants with a minimum of 
difficulty and expense. 
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line/', * meth ° d 01 Cr8<,tin9 ' ene ««"y transformed 
lines of cotton plants comprising the steps of, 

(a) germinating cotton seed- 

cott 0 „ b Lr latin9 ambryonic from the 

surface';' PlaCi " 9 i30Uted Smiry0niC °" a 

(1) preparing copies of 4 foreign genetic 

construction and coating the copies onto carrier particles 

"hich are small in size in relation to the size of the 

ceils of cotton tissues; 

<«> physicaUy accelerating the carrier particle, 

carrying the copies of the foreign genetic material at the 

such a fashion that many carrier particles lodge in the 
interior of cells of the embryonic axes; 

(f) cultivating the embryonic axes treated as in 
step < e) on a medium substantially free from hormones and 
under conditions such that shoots arise from at least some 
of the treated embryonic axes wii-h„,„- • . 
culture; and" intervening callus 

(9) cultivating those shoots that contain the 
foreign genetic construction in their genome into whoie 
sexually mature cotton plants capable of transmitting the 
foreign gene by sexual inheritance to their progeny 
• plants . * 1 

2. A method as claimed in Claim l wherein in step 
(a) the seed is germinated until one to four millimeters 
of the radicle is exposed. 

3. A method as claimed in Claim 1 wherein after the 
embryonic axes are isolated from the seed, the embryonic 
axes are dissected to remove any embryonic leaves from 
covering the meristems. 
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4. A method as claimed in Claim 1 wherein after step 
(b), the embryonic axes are pretreated by culture in the 
substantial absence of light in a medium having a 
cytokinin but no auxin. 

5. A method as claimed in Claim 1 where after step 
(e), the embryonic axes are incubated on a medium having a 
cytokinin but no auxin in the substantial absence of light 
for a brief time. 

6. A method as claimed in Claim 1 wherein in step 

(d) the copies of the foreign genetic construction 
includes both a foreign gene of interest and a marker 
gene, and wherein the shoots from step (f) are screened 
for the expression of the marker gene to identify shoots 
carrying the foreign genetic construction. 

7. A method as claimed in Claim 6 wherein the marker 
gene is the Gus gene. 

8. A method as claimed in Claim 1 wherein in step 

(e) , the physically accelerating step is performed with 
sufficient force and intensity that between 20 and 60 
percent of the embryonic axes are so damaged that they 
never give rise to a shoot in step (f). 

9. A method as claimed in Claim 1 wherein in step 
(e), the physically accelerating step is performed with 
sufficient force and intensity that the majority of cells 
in the embryonic meristems are killed. 

10. A method as claimed in Claim 1 wherein step (e) 
is performed by placing the coated carrier particles on a 
planar carrier sheet, accelerating the carrier sheet at 
the target surface with a shock wave of adjustable force, 
and restraining the carrier sheet in such a manner that 
the carrier particles may travel on toward the target ' 
surface . 
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il . A method as claimed in Claim in u 
shoe, „ ave o£ adjustable force JH^O the 

spa^ diS c harge and the force is ad ; st t :i e by b sn 

the electric volt age of the discharge " 3USti " 9 

12. A method as c i ai „,ed in clai* ! herein the 
cot to n seed is of . variety selected ^ 
cons.s^n, o, Pina , Acala and „ pland CottM v J. eti P es 

lines "f co t r th °? °' Cr6 " in9 tr.nsformed 
lines of cotton plants comprising the steps of: 

(a) germinating cotton seed- 
cottonled 1 ; 01 " 1 " 9 - ta *° nle ~ : **~ bating 

embJ^ diSSeCtinS an * ^ryonic leaves from the 
embryonic axes to expose the meristems of the axes; 

<d) pre-treating the embryonic axes for particle 
treatment by culturing the eabryonic a xes in the dar on a 
medium with a cytccinin out substantially free of aLin 

surface! " « • target 

(£) preparing copies of a foreign genetic 

rr;:;:; includins a £ — — - — - . 

(9) coating the copies of the foreign genetic 
construction onto carrier particles wnich'are sj i„ 

::n u :: ; rsiation to the — - «- — - — 

carJna th Phy5i ° aUy a «^«ing the carrier particles 
carrying the copies of the foreign genetic material at the 
target surface on which the embryonic axes are placed in 
such a fashion that M ny carrier particles lodge in the 
interior of cells of the embryonic axes; 

a m J L) C " ltiV " in9 the embryonic axes from step ,h) on 
a medium substantially free from hormones and under 
conditions such that shoots arise from at least see of 
the treated embryonic axes without intervening callus 
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CJ) 



(J) screening the shoots for e]mra c • 
marker gene; and ^Pressxon of the 

(*) cultivating those shoots thai- «. • 
foreign genetic construction in their a 
squally mature „ tton plants 1 : ap t a h ^ I wHoie 

,ene by sexual inheritance J ^S"' ^ 



14. A method as claimed in Claim n u 

-r*er gene is the Gus gene. " Wherei " ^ 

15. A method as claimed in Claim n „w 

<h), the physically ac «l.m "herein in step 

sufficient f acc «^ratxng step is performed with 

percenTo ll^ ? 20 and 60 

nevT iv ° I e tT7 3X63 ^ S ° d3maged ^ 

yive rise to a shoot ..in step (i). 

IS. A method as claimed in claim l3 wher ei n in step 

u I i=ie„r i r" lly a " eleratin * ^ Permed ^ 

1 intSnSity Such ch " the -Jority of 

c.U. in the meristem of each axis ars kllled . °* 

Planar carrier sheet, accelerating , h P""" 1 " °" a 

«- -get surface U1 th T^ZtU " 
ana restraining the carrier sheet in such n t h a 7' 
^carrier particles may travel on towa rd the tlrget 

soar* di«,h 3US " ble £orce " "eated by an electric 

spar* discharge and the force is adjustable by adjusting 
the electric voltage of the discharge. * 

19. A method as claimed in Claim 13 wherein the 
cotton seed is of a variety selected from the group 
consisting of Pima, Acala and Upland Cotton vaLtL. 
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A method of creating genetically transformed 
lines of cotton plants comprising the steps of 

(a) germinating cotton seed; 

(b) isolating embryonic axes from the germinating 
cotton seed; y - 

(c) placing the isolated embryonic axes on a target 
surface; y 

(d) preparing copies of a foreign genetic 
construction including a marker gene and coating the 
copxes onto carrier particles which are small in size in 
relation to the size of the cells of cotton tissues; 

(e) physically accelerating the carrier particles 
carrying the copies of the foreign genetic material at the 
target surface in such a fashion that many of the carrier 
particles lodge in the interior of cells in the embryonic 
axes ; 



(f) cultivating the embryonic axes on a medium 
substantially free of hormones such that shoots with 
leaves arise from the treated embryonic axes without 
intervening callus culture; 

(g) cutting a leaf from the plant and assaying a 
section of the. leaf for expression of the marker gene; 

(h) for shoots for which the assay revealed 
expression of the marker gene in the midrib of the leaf 
section, cultivating the shoot into a sexually mature 
plant; 

(i) assaying the pollen of the plants for the 
expression of the marker gene to determine if the 
transformation involves a germ line event; and 

(j) for those plants which involved a germ line 
event, recovering the progeny of the plants which contain 
the foreign genetic construction. 

21. The method of Claim 20 wherein the marker gene 

is the Gus gene. 
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22. A method of generating genetically transformed 
tissues of a plant comprising the steps of 

(a) excising embryonic axes from seeds of a plant- 

(b) placing the embryonic axes on a target surface; 

(c) preparing copies of a foreign genetic 
construction ; 

(d) coating copies of the foreign genetic 
construction onto carrier particles, the carrier particles 
being a mixture of gold spheres of between 1 and 3 microns 
in size and microcrystalline gold particles; 

(e) physically accelerating the carrier particles 
carrying the copies of the foreign genetic material at the 
target surface on which the embryonic axes are placed in 
such a fashion that many carrier particles lodge in the 
interior of cells of the embryonic axes; and 

(f) generating shoots from the embryonic axes, some 
portion of which are transformed by the foreign genetic 
construction. 



23. A method as claimed in Claim 22 wherein the 
microcrystalline gold has the characteristics of gold 
powder A15 70. 
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